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In S inclair swine , there is an increase in alkaline 
phosphatase activity in spontaneously arising melanoma 
tumors when compared to normal skin. While alkaline 
phosphatase activity could be detected in melanomas 
from anima ls 1 day old, the maximum levels of alkaline 
phosphatase activity occurred in tumors from animals 
g reate r than 30 days old. The alkaline phosphatase was 
purified from cutaneous me lanomas using chloroform 
precipitation, Phenyl-Sepharose chromatography, and 
conca navalin A Sepharose chromatography approxi-
mately 146-fold, with an overall recovery of 15%. The 
purified enzyme exhibited optimal activity over the pH 
range of 8.9-10.6. The apparent Km of the enzyme for 
p-nitrophe nyl phosphate was 0.15 mM. The enzyme ex-
hibited a r elative mobility of 0.04 in nondenaturing 
polyacry la mide gels. The molecular weight of the en-
zyme was estimated by gel filtration chromatography to 
be 122,000 and it was composed of two identical sub-
units each having a molecula r w e ight of 67,000. The 
enzy me was thermolabile at 56°C (T5o, 18 min) and its 
activity w as inhibited by L-homoarginine, levamisole, 
a nd vanadate, but not by L-phenylalanine or L-phenyl-
a lanylglycylglycine. These characte ristics distinguished 
the enzyme from the intestinal isoenzyme that is found 
in normal swine skin but were similar to those exhibited 
by the porcine placental isoenzyme of alkaline phospha-
tase. These results suggest that the development of ma-
lignant mela noma in Sinclair swine is accompanied by 
the e xpression of a placental-like alkaline phosphatase 
activity . 
Studies on malignant mela noma, a highly lethal cancer of 
pigmented ce lls, have focused primarily on elucidating the role 
of certa in tumor-associated ant igens [1- 6) in tumorigenesis 
and spontaneous regression with the goal of developing specific 
diagnostic tests and/or therapeutic regimens. However, none 
of t hese studies has examined whether t hese tumor-associated 
ant igens possess enzymatic activity and , except for studies on 
the enzyme monophenol monooxygenase (tyrosinase, EC 
1.14.18.1), very few studies have examined biochemical changes 
in t he leve ls of specific enzymes during the tumorigenesis of 
malignant melanoma [7- 10] . This is due in part to the limited 
quantit ies of human melanoma t issue avail able for biochemical 
studies. 
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The problem of tissue avail ability can be circumvented by 
using appropriate animal models. Studies wi t h the S incla ir 
swine mela noma model have demonstrated that in t he minia-
t ure blac k p ig, t he processes involving t he development of 
spontaneous cutaneous melanoma and spontaneous regressio n 
are simila r to t hose processes in huma ns and, furt hermore, in 
t he pig, t hese processes are ge netica lly linked [11- 15). S ince 
conf1icting reports have been published concerning alkalin e 
phosphatase (orthophosphoric monoester phosphohydrolase-
a lkaline optimum, EC 3.1.3.1) act ivity in human melanoma 
t he purpose of this study was to exa mine alkaline phosphatas~ 
activity during tumorigenesis using the Sinclair swine mela-
noma modeL This report describes t he purification and char-
acte rization of a placental-like a lkaline phosphatase activity 
t hat is present in malignant melanoma t issue but not norma l 
t issue from the Sinclair swine. 
MATERIALS AND METHODS 
Material.• 
Conca nava lin A Sepha rose CL-4B, p -nitrophenol, p- ni t.rophenyl 
phosphate, porcine in testina l mucosa a lka line phosphatase type TV , 
porci ne pl acenta a lka line phosphatase type XVI , and huma n placenta l 
a lk a line phosphatase type XXIV were purchased from Sigma Chemical 
Company, St. Louis, Missouri. Phenyl-Sepharose CL-6B a nd PAA 4/ 
30 gradient ge ls we re purchased from Pha rmacia Fine Chemical Com-
pany, Piscataway, New ,Jersey. Aquacide Ill was purchased from Cal-
biochem, La J olla, California. The radionucleotides [2-"H]adenosine 
5 ' -monop hospha te (15.6 Ci/ mmol) and [2,8-"H]adenosine 5' -triphos-
phate (29 Ci/ mmol) were purchased from Amersham, Arlington 
Heights, Illinois . 
Cultured Cell Lines 
K B cells were grown in Eagle's modified medium according to t he 
procedure of Hughes a nd Munyon 11 61 conta ining 5% (v/v) calf serum 
(Flow Laborato ries) and gentamicin (50 l'g/ml) at 37' C in 5% C0 2 • 
Cells were examined for mycoplasmas using t he procedure of Russel et 
a \11 71 and were demonst rated to be mycoplasma-free. Cells were grown 
to confluency, washed 3 times in cold phosphate-buffered saline, re-
moved from t he fl asks by scraping, and co llec ted by centrifugation. 
Cells were sto red a t -20' C un t il examined. 
Sinclair Swine Melanoma 
Cuta neous tumors and normal skin were obta ined from animals 
ranging in age from 1- 100 days old. All noninvolved fa tty t issue and 
hair were removed and the skin samples were frozen at -20' C un t il 
use. 
E nzy me Assay 
The a lka line phosphatase reaction mi xture con ta ined in a tota l 
volume of l.1ml: 0.1 M 2-amino-2-methyl-1-propanol-HCl pH 10.6, 10 
mM p-nitrophenyl phosphate, 0.1 mM MgC l2 , 1 I'M ZnSO,, and t he 
enzyme {1 0- 100 l'g protein ). Reaction mixtures were incubated at 37' C 
for va rious time periods (10- 60 min ) and t he reactions were terminated 
by t he addi tion of 2.5 ml of 1 M NaOH. Under these condi t ions, t he 
assays were linear with Lime and were proportiona l to t he amount of 
enzyme added. The amount of p-nilrophenol formed was dete rmined 
by measuring absorba ncy at 420 nm usin g a Zeiss Model PM6 spectro-
photometer. A unit of enzyme activi ty was deli ned as t he amoun t of 
enzyme required to produce 111mol of p-nitrophenol from p -ni t rophenyl 
phospha te per min under t he assay condi tions. T he specific activity 
was defin ed as the uni ts of a lka line phosphatase activi ty per mg of 
p rotein. 
For experime nts in which t.he nucleos ides AMP or ATP were em -
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p loyed as substrates, t he reaction mix ture conta ined in a tota l vo lume 
of 0.1 ml: 0. 1 mM Tris- maleate buffer pl-1 10.0 conta ining 0.1 mM 
M gC\2, 1 pM ZnSO,, 0.3 mM ["H]nucleotide (25 pCi/ mol) , a nd the 
e n zyme (1 - 10 pg protein). The reactions were te rminated by heating 
at lOO"C for 3 min. Products o f the reaction were determined by thin -
layer chromatography using the procedure described by Beards ley and 
A b leson IJ 8J. A unit of enzyme activity was defined as t he amounL of 
e n zym e required to produce l ;nnol of orthophosphate from the nucleo-
tide per min under the assay cond itiOns. 
Protein Determination 
P rotein was estimated by t he method of Cadma n et al [19] usi ng 
bovi ne serum a lbumin as t he standa rd. 
Enzyme J:.'xtraction 
All extractions were performed at 4"C. Sa mples (1 - 3 g) from the 
swine were minced and suspended in Buffer A (JO mM Tris-H CI pH 
7.5 co nta ining 2 mM 13-mercaptoethanol (BME), 10% (v/v) glyce rol, 
0.2 mM phenylmethysulfonylfluoride (P MSF), a nd 2% Triton X -100) 
a nd homogenized using a Virt is Model 23 ti ssue homogenize r. The 
e xt ract was then passed through a wire mesh (6120) screen a nd the 
r esulting homoge nate was frozen and thawed a t imes. The KCI concen-
t ra tion was adjusted to 0.1 5 M and the materia l was sonica ted with 4 
30-s bursts using an Artex Sonic Dismembra ntor. The suspension was 
cen t rifuged for 15 min at 30,000 g using an In te rna tiona l Model B20A 
ce ntrifuge equipped with a 870 rotor. The supernatant designated the 
c rude ext ract was employed for purification studies. 
Purificat ion of Alkaline Phosphatase Activity 
All purification procedures were conducted at 4"C. To avoid proteo-
lytic digestion, 0.2 mM PMSF was included in a ll buffers. Cold chlo-
roform was added to the crude extracts (40-80 mg protein) until a fina l 
concentration of 20% (v/v) was obta ined. The samples were stirred a t 
4 ·c fo r 1 h and t he precipi tate was removed by low-speed centrifuga-
t ion . Solid ammonium sulfate was t hen added to t he supernata nt (20-
30 mg protein) until a final concentration of 1 M was obtained. The 
sa mpl e was loaded on a phenyl-Sepharose CL-6B column (I x 10 em) 
preequi li brated in Buffer B fl O mM Tris- HCI pH 6.0 co ntaining 2 111M 
B ME a nd 1 M (NH,),SO,J. The column was washed with 15 ml of 
Buffer Band the enzyme was elu ted with a linear grad ient of decreasing 
am monium sulfate concentration and increasing ethylene glycol mon-
omethylether concentration us ing Buffer B (20 mil and Buffe r C (1 0 
mM Tris-HCI pH 6.0 conta ining 2 mM BME and .~0% [v/v ] ethylene 
g lyco l monomethylether-20 ml ). Tubes corresponding t.o maximal 
enzyme act ivity were pooled and d ia lyzed overmght agamst a liter of 
Buffer A. The dialysate (0.5 1 mg prote in) from the phenyl-Sepharose 
column was diluted 1:1 with Buffer D (0. 1 M acetate buffer pH 6.0 
contai ning l M NaCI, 2 mM BME, 3 mM MqC\2, 3 mM CaC\2, and :l 
mM MnC\2 a nd applied to a concanava lin A Sepharose CL-4B column 
(l x 10 em) equilibrated in the same buffer. The column was washed 
w ith 15 ml of Buffer D; followed by 15 ml of Buffer D containing 2% 
(v/v) Tri ton X- 100. The alkaline phosphatase activity was eluted from 
t he matrix using Buffer E (Buffer D containing 2% (v/v) T ri ton X -100 
a nd 0.2 M mannose). 
Nondenaiuring Polyacrylamide Gel Elect rophores is (NO-PAG E) 
Tube gel elec trophoresis was performed using t he procedure de-
scribed by Dewald et al [20]. Gels were polymerized in siliconized tubes 
(0.5 x 12 em) at 25"C. Samples conta ining 2- 100 pg protein were 
layered on top of the gel together with bromphenol blue as t he marker. 
E lectrophores is was performed in a Bio-Rad 150A apparatus a t 4"C 
with a constant current of 3 rnA/ tube applied ac ross the gel for 3.5 h. 
Following elec trophores is , the ge ls were removed from the tubes a nd 
c u t in to 3-mm cross-sec tional slices. The s lices were extracted with 200 
1_d of 25 mM Tris-H CI buffer pH 7.5 cont.a ining 2 mM BME, 2 111M 
MgCl2, 1% Triton X -100, and 25 % (v/v) glycero l for 24 h at 4"C. For 
t he dete rmination of enzyme activity, an a liquot (0.1 ml) of the extract 
was incubated in the reaction mix ture containing p-nitrophenyl phos-
p hate as described under enzyme assay. 
Molecular Weight Determination 
The purified a lka line phosphatase was subjected to gel filtration 
using a Bio-Gel A-.5M column ( 1.6 X 43 em) which had been preequi -
librated in Buffe r A containing 0.2 M KCI. Calf thymus DNA, glucose 
oxidase (M, = 160,000) , alcohol dehydrogenase (M, = 141,000), lipase 
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(M, = 100,000), and creatine phosphoki nase (M, = 81,000) were used 
as standards. 
Sodium dodecyl sul fate polyac ry lamide ge l electrophores is (80S-
PAGE) was performed using P harmacia PAA 4/30 gradient ge ls . The 
purified swine a lka line phosphatase was concentrated t.o JO% of its 
original volume (6 ml) using Aquacide Ill. The samples as well as t.he 
standa rds were equilibrated in 10 rnM T ris- HCI buffer pH 8.0 co nt.ain -
ing l mM EDTA, 1% (w/v) SDS and l % (v/v) BME and heated at 
60"C fo r 15 min . The running buffe r consisted of 0.04 M Tris, 0.02 M 
sodium acetate pH 7.4 conta ining 2 mM EDTA and 0.2% SDS. Gels 
were preelectrophoresed without samples at 70 volts for 1 h. Samples 
were applied and electropho resed at 300 volts for 10 min , fo llowed by 
150 volts for 3 h. After electrophoresis, t he proteins were fixed in a 
25% (v/v) isopropanol , 10% (v/v) acetic ac id solu t ion for I h. Proteins 
were stained hy diffusion in 0.02% (w/v) Coomassie Blue in 7% (v/ v) 
acetic ac id for 12 h. T hyroglobulin (M, = 330,000), ferri t in (half uni t, 
rn, = 220,000), albumin (M, = 67.000), cata lase (M, = 60,000) , lacta ie 
dehyd rogenase ( M, = 36,000), a nd fe rritin (subu nit , M, = 18,500) were 
employed as standards. 
pH Optimum 
The pH dependence of the Si ncla ir swine melanoma alka line ph os-
phatase was determined over the pH ra nge of 4- 11.3 us ing a T ri s-
ma leate buffer system. The buffer was ti t rated with KOH or H Cl to 
obtain t he desired pH. There was no inactivation of t he enzyme over 
t he pH range employed. This was dete rmined by incubating the enzyme 
at :n· c for :lO min in 0.1 M Tris-maleat.e buffer at the different pHs 
a nd then assay ing an a liquoi in the sta nda rd reaction mixture. For t he 
dete rmination of p H dependence, t he assay mixture contained in a 
tota l vo lume of 1.1 ml: 0.1 M Tris-maleat.e, 10 mM p-n itrophenyl 
phosphate, 0.1 mM MgC\2, 1 pM ZnSO,, and t he enzyme (0.003 unit ). 
T he pH value of t he reaction mixtu re (buffe r + substrate + enzyme) 
was determined at 37"C. 
Inhibition Studies 
The effec t of va rious inhibitors on t.he ac t iv ity of the part.in ll y 
purified a lka line phospha tase from S incla ir swine mela noma, and 0;1 
the isozymes of alkaline phosphatase from porcine intestine, po rcine 
placenta, and human placenta was determined using t he sta ndard 
enzyme assay containing I he inhibit.ors. The fo llowing inhibi tors were 
added ind iv idua lly to t he reaction mixture: L-phenyla lanine (2- 20 mM). 
L-phenylalanylglycylglycine (0.2- 10 mM). L-homoarginine (5- 35 mM) 
and lcva misole (0.09- 1 mM) . The enzymes were d ilu ted in Buffer A so 
t hat less t han 10% of t he substrate was hydrolyzed during t.he incuba-
tion period. The enzyme was a llowed to prei ncubate for 10 min at 37•c 
wi th the inhibitor and the reactions were t hen sta rted by the addition 
of p- nitrophenyl phosphate. The reaction mixtures and controls with-
out inhibitor were incubated at 37"C for 30 min and were terminated 
by the add it ion of 2.5 ml or 1 M NaO H. The percent.age of activity 
remaining was determined by compa rin g t he activ ity remaining in the 
t.reuted sample to the control. These result s a re expressed in this work 
as the conce ntration of inhibitor required to produce 50% inhibi tion 
using t he method described by Goldste in and Harri s [21]. 
Th ermal In actiuation 
The thermostabilit y of t he va rious a lka li ne phosphatase was deter-
mined in Buffer A at 56"C. Aliquots of the enzyme were removed at 
the indicated t imes and were assayed fo r enzymatic activity us ing the 
standa rd assay. The percentage of activ ity remaining was determined 
by compari ng the res idua l activity in t he trea ted samp les to a control 
kept at 4 · c. 
TABLE I. Comparison of alkaline phosphatase actiuity in normal sl>in 
and malignant melanoma in Sinclair swine 
Age of Alkaline phosphat.ase activity• 
Animal animal Ma lignant p vnlue (days) Normal sk in melanoma 
Neonate 3.7 ± .4 15.0 ± 3 <.010 
5339 27 1.9 ± .3 21.3 ± 4 < .005 
5496 46 2.4 ± .4 26.6 ± 4 <.005 
6066 97 1 .. 5 ± .6 20.8 ± 3 <.001 
5135 100 2.8 ± .2 32.0 ± 3 <.001 
• Expressed as specific activi ty (x lO- '). Values represent t he ave rage 
of 3 determinations± SEM. 
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RESULTS 
Demonstration of Alkaline Phosphatase Activity in Sinclair 
Swine Melanoma Tissue 
A comparison of t he levels of alkaline phosphatase activity 
in normal skin and cutaneous malignant tumors from Sinclair 
swine demonstrated that the malignant melanoma tissue con-
tained significantly higher levels of alkaline phosphatase activ-
ity than normal t issue from the same animal (Table I). The 
increase in alkaline phosphatase activity in tumor tissue ranged 
from a 4- fold increase in the neonatal animal to a 13-fold 
increase in a 97-day-old animaL Similar results were observed 
when comparing alkal ine phosphatase actvity in normal lymph 
nodes to that found in malignant lymph nodes from the swine 
(data not shown). 
Purification of Alkaline Phosphatase Activity 
Following chloroform precipitation, t he alkaline phosphatase 
act ivity was purified from cutaneous t umors using hydrophobic 
chromatography. T he alkaline phosphatase activity was bound 
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FIG 1.. E lulion profil es of Si ncla ir swine melanoma a lkaline phos-
phatase. A, Phenyl-Sepharose CL- 68 chromatography. The superna-
tant (25 mg prote in) follow ing chloroform precipitation was loaded in 
a phenyi-Sepharose column (1 x 10 em) and the alkaline phosphatase 
act ivity eluted using a linea r gradient of decreasing (NH,).SO, concen-
tration and increasing concentration of ethyleneglycol monomethyl -
ether. Fractions of 2.5 ml were collected and assayed for alkaline 
phosphatase activity using p -nit.rophenyl phosphate as the substrate. 
Fractions conta ining alka line phosphatase activity were pooled and 
dia lyzed overn ight aga inst Buffer A. B, Concanava lin A Sepharose CL-
4 B chromatography. The dialysate (0.8 mg protein) from the phenyl -
Sepharose column was loaded on a concanava lin A Sepharose CL-48 
column (1 x 10 em) and the alkaline phosphatase activity was eluted 
using 0.2 M mannose. Fractions of 2.5 ml were collected and assayed 
for a lka line phosphatase activ ity using p-nitrophenyl phosphate as the 
substrate. C. Nondenatu ring polyacrylamide gel electrophoresis dem-
onstratin g the purity of the alkaline phosphatase preparation. The ge l 
on the left is the crude exl ract and the gel on the right is the concan-
ava lin A Sep ha rose purified gample. 
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to the phenyl-Sepharose matrix under conditions of high ionic 
strength and was eluted using a linear gradient of decreasing 
(NH4LSO., concentration and an increasing concentration of 
ethylene-glycol monomethylether. The enzymatic activity 
eluted as a single peak when the (NH,LSO, concentration 
reached 530 mM (Fig 1A ). Further purification of the enzyme 
was achieved by affinity chromatography on concanavalin A 
Sepharose. The enzyme was bound to the matrix and eluted 
with 0.2 M mannose (Fig 1B). The use of a linear gradient of 
increasing mannose concentration did not enhance the purifi-
cation of the enzyme but instead reduced the overall recovery 
of the enzyme. Fig 1C demonstrates the purity of the enzyme 
as determined by polyacrylamide gel electrophoresis. Using the 
above protocol, the alkaline phosphatase was purified from a 
number of Sinclair swine melanoma tumors with the purifica-
tion ranging from 135- to 160-fold with an average recovery of 
14%. A typical purification for the enzyme from a cutaneous 
tumor from animal 5135 is summarized in Table IL Unless 
otherwise stated, the purified enzyme from animal 5135 was 
used in these studies. However, similar results were obtained 
with the alkaline phosphatase activity obtained from cutaneous 
tumors from other Sinclair swine. 
For comparison purposes, the placental-like alkaline phos-
phatase from KB cells and the porcine intestinal, porcine 
placental, and the human placental alkaline phosphatases 
(Sigma Chemical Co.) were purified using the protocol de-
scribed for the swine melanoma enzyme. Regardless of the 
source of the enzyme, the alkaline phosphatases exhibited 
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TABLE II. Summary of purificat ion of allwline phosphatase from Sinclair swine mahr:nant melanoma" 
Fraction Protein Specifi c act ivit y Recovery ('(: Purilicat ion ( m~/ml ) (fold) 
Volume (ml) T ota l uni t. 
Crude ex tract 27 1.73 
Chl oroform precipitation 22 0.83 
2.04 0.0:32 100 l 
1.12 0.03:37 50 1.1 Phenyl Sepharose chromatography 10 0.62 
Co ncanavalin A Sepharose chromatography 7 0.26 
0.084 0.738 :H 23 
0.008 4.68 15 146.:3 
a The alkaline phosphatase was purified from a cutaneous tumor from animal 5135. 
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Ftc 2. Physica l and biochemical properties of Sinclair swine mela-
noma alkaline phosphatase. A , Gel filtration chromatography. Gel 
filtration was performed as described under Materials and Methods 
usin g ca lf thymus DNA, glucose oxidase (M, = !60,000) , alcohol de-
hydroge nase (M, = 1'11 ,000). hpase ( /vi , = 100,000) , and creattnc 
phosphokinase (M, = Rl,OOO) as sta ndards. Approximately 0.2 units of 
the purified enzyme was loaded on the column. B, Nondenatunn::: 
polyac rylamide gel elec trophoresis was described in Mat.erials and 
M ethods using the purified alka line phosphatase from a cut a neou~ 
tumor from animal 5 1:15 and the crude extract of normal skin from the 
s ame animal. 0-0 = Tumor tissue (4 X 10-" unit s): .__. = 
normal skin (l x I o-' units ); <J--.0 = baseline va lue for both sa mpl es. 
C, pH profi le of Sinclair swine melanoma alkaline phosphatase. The 
pH optimum was determined as described in Materials and Methods 
using a Tris-maleate bufTer system. React ion mixtures were incubated 
at :n•c for :30 min using 0 .003 unit of purified enzyme per assay. 
similar profiles on both the phenyl-Sepharose and concanavalin 
A matrices. While t here were minor differences in t he concen-
tration of (NH.,) ,SO., (520- 610 mM) t hat eluted the enzymes 
from t he phenyl-Sepharose matrix , t hese differences were not 
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significa nt. Genera lly, t he KB alka line phosphatase was puri -
fied approx imately 160-fold while the a lkaline phosphatases 
obtained from commercial sources were purified approx imately 
30-fold. 
Physical and Biochemical Properties of the Sinclair Swine 
Melanoma Alkaline Phosphatase 
The molecul a r weight of t he swine mela noma alka line phos-
phatase was determined using gel fil t ration chromatograp hy 
and SDS-PAGE. The molecular weight on Bio-Gel A-5M was 
determined by comparing the partition coeffi cient (K,,) of t he 
alkaline phosp hatase to t he standards. A semilogarithmetic 
plot of molecula r weight vs K"" was constructed a nd the molec -
ular weight was estimated to be 122,000 ± 2,500 (mean ± SE 
of 3 expe riments) (Fig 2A ). On the SDS-PAGE, a linear rela -
t ions hip existed between the relative mobilities and molecula r 
weight. of the standard proteins. The a lkaline phosp hatase 
electrophoresed to a position that was identical to that. of bovine 
se rum a lbumin . The molecular weight of the subuni t was esti -
mated to be 67,200 ± 750. 
Under nondenaturing conditions, the alkaline phosphatase 
activ ity from swine mela nom a cells exhibited a relative mobility 
(Rr) of 0.04 on polyacrylamide gels while the a lkaline phosp ha-
tase activity from normal skin ex hibited a Rr of 0.13 under t he 
same electrophoretic conditions (Fig ,2B ). The placental-like 
a lkaline phosphatase from KB ce ll s , porcine placenta l, a nd 
porcine in testinal a lka line phosphatases ex hibi ted Hr's of 0.05, 
0.04, a nd 0.12, respectively, under t he same electrop horetic 
conditi ons. 
Thermostability is a sensitive parameter for distinguishing 
isoe nzymes of alkaline phosphatase !21- 23]. At a pH of 7.5, the 
alkaline phosphatase activi ty from Sinclair swi ne melanoma 
cell s exhibited a 1\ 11 of 18 ± 2 min at 56•C (Table III ). This 
was not s ignifica ntly di fferent from t he T ,,0 of 13 ± 3 min 
exhibited by t he porcine placental a lka line phosphatase. By 
con t rast, the activit ies of t he porci ne intesti na l and the human 
placenta l a lkaline phosp hatases were thermostable at 56°C. 
l n a Tris-maleate buffer system, t he a lka line phosphatase 
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from Sinclair swine melanoma cells exhibited optimal activity 
over the pH range of 8.9- 10.7 with p-nitrophenyl phosphate as 
the substrate (Fig 2C). Similar results were obtained using the 
Tris-maleate buffer system with AMP or ATP as the substrate. 
H owever, the rate of hydrolysis of these nucleotides was lower 
than that exhibited for p-nitrophenyl phosphate (Table IV). 
When using the 2-amino-2-methyl-1-propanol-HCl buffer sys-
tem, there was no significant hydrolysis of these nucleotides. 
Similar results were obtained using the purified porcine intes-
t inal or the porcine p lacental alkaline phosphatases (data not 
shown) . 
Initial velocity studies were performed using the 0.1 M 2-
amino-2 methyl-1-propanol-HCI buffer system at pH 10.6 with 
p -nitrophenyl phosphate as the substrate. The K, for p -nitro-
phenyl phosphate was estimated to be 0.15 mM by Lineweaver-
Burk plots. 
In addition to differences in thermostability, the various 
TABLE III. Thermostability of alhalin.e phosphatases 
Time at Pe rcent activity remaining" Swine melanomac 
56°C Human Po rcine Porcine Neonate (min) placenta• int.est.in a l placenta 5135 
0 100 ± 2 100 ± l 100 ± 2 100 ± 3 100 ± 1 
"5 100 ± 1 100 ± 2 76 ± 4 81 ± 4 84 ± 1 
10 100 ± 2 100 ± 3 57± 2 60 ± 3 62 ± 3 
15 100 ± 1 100 ± l 44 ± 3 52 ± 4 56± 2 
20 100 ± 1 100 ± l 34 ± 3 43 ± 2 42 ± 1 
"Values represent. the perce ntage of res idual activity in t he treated 
sa mples when compa red to the activities of controls kept at 4 ' C. The 
enzymat ic activi ty was determined us!ng the standa rd assay described 
in Materials and Methods . Values a re t he average of 3 dete rminations 
±SEM. 
• Human pl acenta, porcine placenta, and porcine a lkaline phospha-
tases were diluted in Buffer A so the linal concentration per asasy was 
0.01 units. 
' The a lkaline phosphatase ac tivity was purified from the neonatal 
a nimal and anima l 5135 as described in Materials and Methods. The 
enzymes were diluted in Buffer A so t he final concentration per assay 
was 0.005 unit. 
TABLE IV . ::>ubstrate specificity of S inclair swine melanoma alkaline 
phosphatase 
Substrate 
p nit rophenyl -phosphate 
5' AMP 
5' ATP 
Relative rate of hydrolysis (% )• 
Tris-maleate 
100 ± 1 
33 ± 2 
18 ± 3 
2 Amino-2 methyi-1-
Propanoi-HCJ 
100 ± 1 
< 0.01 ± 0.02 
< 0.01 ± O.Dl 
"Assays were performed as described in Materials and Methods using 
0.005 unit of purified enzyme per assay. 
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isoenzymes of alkaline phosphatase can be distinguished using 
specific inhibitors [21,24,25]. For control purposes, purified 
preparations of the human placental, porcine intestinal, and 
porcine placental were included in the tests. The alkaline 
phosphatase activity from swine melanoma tissue was inhibited 
by L-homoargin ine, levamisole, and vanadate ion but not by L-
phenylalanine or L-phenylalanylglycylglycine (Table V)_ By 
comparing this inhibition pattern with those of the various 
control enzymes, it was apparent that the swine melanoma 
enzyme resembled the porcine placental isoenzyme. 
DISCUSSION 
Studies of alkaline phosphatase activity in malignant mela-
noma have been conflicting. Using histochemical techniques 
Kabat and Furth [26] and Kopf [27] examined human mela~ 
noma tissue and they reported that these tumors did not 
contain alkaline phosphatase activity. However, Prasad et al 
[28] reported that human melanoma tissue contained an alka-
line phosphatase act ivity that could be distinguished, using 
starch gel electrophoresis, from the isoenzyme found in normal 
human skin. Similarly, Cadeau et al [29] reported that there 
was an increase in a p lacental-like alkaline phosphatase in 
malignant melanoma but this isoenzyme was not observed in 
normal tissue. These conflicting results can be explained in 
part due to the different techniques used for demonstrating 
alkaline phosphatase activity in these tissues and also because 
a relatively small number of human melanomas have been 
examined for alkaline phosphatase activity. 
In the present study, we employed the Sinclair swine mela-
noma model to examine variations in alkaline phosphatase 
activity during tumorigenesis. In the Sinclair swine, increased 
levels of alkaline phosphatase activity were found in melanoma 
cells when compared to normal skin, even from animals as 
young as 1 day of age. Electrophoretic examination of both 
normal and malignant tissue demonstrated that this increase 
in a lkaline phosphatase activity in melanoma tissue was not 
the result of the increased production of the alkaline phospha-
tase activity normally found in swine skin but rather due to 
production of an electrophoretically distinct isoenzyme_ The 
isoenzyme of alkaline phosphatase in normal swine skin was 
electrophoretically indistinguishable from porcine intestinal 
alkaline phosphatase. This is similar to the results obtained 
with normal human adult skin in that the isoenzyme found in 
human skin was indistinguishable from the human intestinal 
isoenzyme [30]. 
To further characterize the alkaline phosphatase from Sin-
clair swine melanoma cells, the enzyme was purified approxi-
mately 146-fold using hydrophobic and affinity chromatogra-
phy techniques. The alkaline phosphatase activity from the 
melanoma cells was similar to other isoenzymes of alkaline 
phosphatase in its elution pattern on the chromatography 
matrixes, pH required for optimal activity, an apparent K , of 
TABLE V. fso value for various inhibitors of alkaline phosphatase" 
Inhibitor 
Alkaline phosphatase• (source) 
Hum an placenta 
Porcine intestina l 
Porcine placenta 
Swine melanoma neonate 
5135 
!, -phenylalanine 
3 ± 0.2 
12 ± 2 
21 ± 2 
24 ± 4 
27 ± 2 
L-phenylalanylglycyl- L-homoarginine 
---"-gl_yc in_e _ _ _ ___ ___ _ 
0.5 ± 0.2 
> 10 
> 10 
> 10 
> 10 
> 40 
> 40 
8± 2 
7 ± 1 
5 ± 1 
Levamisole 
0.10 ± 0.1 
0.70±0.1 
0.03 ± 0.02 
0.02 ± 0.01 
0.05 ± O.Ql 
Vanadate 
0.2 ± 0.1 
0.9 ± 0.2 
0.1 ± 0.1 
0.1 ± 0. 2 
0.1 ± 0.1 
"The co ncentration (mM) of inhibitor producing 50% inhibition (! ,.,) of a lkaline phosphatase ac tivity was dete rmnined using the procedure 
described by Goldste in and H a rris 121]. At least 4 concentrations of each inhibitor were employed a nd 4 dete rminat ions were made on each 
specimen at each inhibito r concentrat ion with the average values (% activ ity rema ining) being employed in the calcula tion. The values represent 
the lso ± SEM. 
b Huma n placenta, porcine placenta, and porc ine in testinal a lkaline phosphatases were dilu ted in Buffer A so the fin al concentration per assay 
was O.Olunit. The S incla ir swine melanoma a lka line, phosphatase activity was part ially purified from the neonatal and 5135 animals as desc ribed 
in Materials and Met.hods a nd were diluted in Buffer A so the final concentration per assay was 0.00.5 unit. 
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0.15 mM for p-nitrophenyl phosphate, and t hat it was composed 
of two ident ical subuni ts with molecula r weight of 67,000 while 
the nat ive enzyme ex hibited a molecular weight of 122,000 [31-
35]. 
Several studies have demonstrated that t he isoenzymes can 
be distinguished based upon differences in their electrophoretic 
migration [36], t hermostabi li ty [21-23], and sensitivity to var-
ious metabolic inhibito rs (21,24,25]. The purified alkaline phos-
phatase from Sincl_a ir swine me la 1~oma cells exhibi ted a ~c of 
0.04 in nondenatunng polyacrylamide gels, was t hermolabile at 
56oC, relatively insensitive to inhibit ion by L-phenylalanine or 
L-phenylalanylglycylglycine, but sensitive to inhibition by hom-
oarginine and levamisole. These characteristics distinguished 
t he Sincla ir swine melanoma a lka line phosphatase from t he 
human placental and porcine intestinal isoenzymes of alkaline 
phosphatase but ~hey were similar to these exh ibited by the 
porcine placental ISOenzyme. 
The resu lts of th is study demonstrate that a placental-like 
isoenzyme of a lka line phosphatase is exp ressed in malignant 
melanoma cells and that it can be distinguished both electro-
p horetica lly a_nd biochemi~ally f:om the intestinal isoenzyme 
t hat is found 111 normal swme skm. These results suggest t hat 
the expression of the placental-like isoenzyme of a lka line phos-
phatase in swi ne me_lanoma may _be relate_d to tumor deve l~p ­
ment. It is a lso poss1ble t hat the mcrease m t he placental-like 
a lka line phosphatase activity may be due to the increased 
number of pigmented cells in the tumor, provided t hat t he 
placental-like activity is normally exp ressed in adul t pigmented 
cell s. However, no data have been repo rted concern ing alka line 
phosphatase activity in pigmented cells. Furthermo_re, this hy-
pothesis seems un~ike ly in view of t he fac~s t hat 1t has been 
reported t hat t he fetal 1soenzymes of a lkalme phosphatase do 
not occur in adul t t issue [30] and that we were unable to detect 
t he placental-like alkaline phosphatase activity in normal swine 
s kin . 
The expression of a placental-like a lka line phosphatase ac-
tiv ity is not specific for malignant m~lanoma . Thi~ enz:rme 
activi ty is one of a number of feta l protems expressed m van ous 
tumor cells [1,34,35,37 ). The mechanism(s) t hat a llow for the 
con t inued expression of these fetal proteins and their role in 
t umor cell metabolism are unknown. The membrane location 
of a lka line phosphatase could be significant in reflecting 
changes in the plasma membrane during malignant t ransfor-
mation of ce lls and as such, it cou ld represent a tumor-associ-
ated antigen. It is apparent from these studies, however, t hat 
the S inclai r swine melanoma model is a useful model for 
examining biochem ica l changes t hat occur during melanoma 
development. 
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